This supplemental issue to the Journal of Perinatology began several years ago as an idea of Dr. Stanley Graven. The focus was clear and direct: review the literature on the effects of environmental stimuli on the newborn with the aim of providing scientifically supported recommendations for clinical practice and research. The Maternal and Child Health Bureau of the U.S. Department of Health and Human Services provided support for several working groups of clinicians, one of which would tackle the existing literature on sound and its effects on the newborn.
This straightforward concept become to a behemoth undertaking. The literature was larger and more disparate than the working group could have anticipated. Some of the most widely described clinical practices had marginal theoretical foundations and little scientific testing.``Facts'' widely accepted in the clinical realm had long been supplanted in the laboratory and other relevant fields of study were unknown to most clinicians. The members' preparations in their respective clinical disciplines were often inadequate to evaluate specialized research questions and methodologies. With successive years of reading, writing, and annual discussion, the original mission of creating a single, integrated, and scientifically reliable review of the literature appeared increasingly unobtainable. Ultimately, the mission was redefined as a series of articles written for a clinical audience by investigators in the various fields of study. Recommendations for practice would be included when the evidence is warranted.
In this introduction, we briefly look back on the history of the separate literatures reviewed in this supplemental issue of the journal. We also look ahead to the possibilities of enriching clinical research and practice by incorporating ideas, questions, and methodologies from the non-clinical disciplines concerned with the roles and consequences of early sensory experience.
HISTORY OF RESEARCH ON THE EFFECTS OF EARLY AUDITORY EXPERIENCE
The lines of inquiry about the effects of early auditory experience began at various times to different families of science. Their theoretical bases and traditions of research have tended to remain isolated, even though investigators were working on similar problems and describing phenomena important to other lines of inquiry. For example, studies of comparative animal behavior have considered the influences of sensory experience on development for more than a century. Using animal models, investigators have been able to study those experiences or events which induce irrevocable changes in behavior, those which facilitate behavior in some quantitative way (e.g., alter timing of appearance or strength of a behavior, or physiologic event), and those which maintain a behavior already present. 1 Recently, studies in the animal behavior literature have begun to explore the effects of atypical stimulation such as that encountered by newborns in the hospital. 2 ± 4 This vigorous animal literature has not made its way into mainstream clinical science, even though the clinical disciplines have long relied on animal research to develop knowledge of the anatomy and physiology of individual organ systems.
Learning theory also has a long history, particularly in the United States, and has been influential in initial efforts at understanding infant development. The first studies of human newborns' responses to sound were done in the 1930s when research designs approached behavior as a specific, quantifiable response or set of responses directly linked to specific, quantifiable stimuli. The first stimulus±response studies of human newborns attempted to show that they actually could respond to external stimuli such as sound and light. 5 Following these early studies, many investigators operated from the assumption that crying was a baseline behavior for all newborns. Concluding that newborns' quieting responses were directly proportional to the amount of test stimuli they received, investigators tended to propose that more or stronger stimuli were more effective in influencing behavior than fewer or weaker stimuli. These initial influential studies all involved the term newborn.
In the realm of clinical practice, there was growing concern during the 1950s, 1960s, and 1970s that sensory stimulation in hospitals was so monotonous and weak that hospitalized infants were at risk for developmental delay due to sensory and social
deprivation. This line of thinking grew out of stimulus±response learning theories and also out of infant psychiatry. The field of infant psychiatry was born after World War II when large numbers of infants and toddlers in Europe were orphaned and institutionalized. In this era before antibiotics, these healthy babies were confined singly to cribs and playpens with limited adult contact. As they grew older, however, they were found to have lasting difficulties in expressing appropriate affect and in forming social attachments.
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The concern about stimulus deprivation among hospitalized infants in the United States was expressed by many studies in the psychology and nursing literatures of the 1970s. This literature generated clinical and parenting interest in the possible beneficial effects of stimulation by many different sounds including heartbeats, lullabies, white noise, and human speech. Many of the studies were flawed and others were never designed to evaluate possible clinical interventions. 9 Nevertheless, some clinicians, parents, and manufacturers continue into the present to maintain an interest in exposing the fetus, preterm, and term infant to a variety of mechanically or electronically produced sound and other sensory stimuli.
The literature of the 1970s also responded to concerns that sound stimuli in hospitals were too strong. Investigators measured in nurseries and incubators in an effort to determine whether sound levels were sufficiently high to be responsible for the hearing losses that were becoming more common among prematurely born infants and children. Although nursery sound levels were found to be surprisingly high, they did not exceed the levels known to damage hearing in adults. 10 The interest in nursery sound levels dwindled in the 1980s, but was rekindled in the 1990s due to increased awareness of the effect of environmental stimuli on non-auditory physiologic disturbances, on the development of state-related behaviors, and on behavioral state organization itself. 11 ± 13 Advances in neurology during the 1970s revealed the human newborn as a complex organism interacting with and subtly adjusting to the external world. Particularly important for clinical research, the careful definition of behavioral states made it possible to obtain more consistent responses from the newborn. 14, 15 Staterelated behaviors quickly entered the realm of clinical evaluation in developmental medicine and psychology despite the level of skill needed to identify them reliably. 16 With better assessments of behavioral response, the stimulation provided by the hospital environment and caregivers was increasingly characterized as chaotic and very strong. 17 ± 20 In addition, the infant's response to a particular stimulus was shown to be dependent on a number of factors including behavioral state, neurobehavioral development, concurrent stimulation, and individual history with similar stimuli. 21 Technological advances during the 1980s opened the way for many new lines of inquiry, including studies of the behavioral and physiologic effects of sound on the human and animal fetus. These studies indicate that the brain develops in interaction with an environment of specific, yet limited, sensory experience.
Medical and nursing texts in neonatology have generally represented the development of the newborn as physical enlargement and differentiation in synchrony with complex biochemical and genetic regulatory systems. Discussions of the effects of early sensory experience tend to stop with the sensory organ itself, even though the important role of sensory experience in the development of the brain has been known for several decades. 22, 23 The stimulatory consequences of care are rarely discussed in these texts, even though illustrations might show a distressed infant and authors mention possiblè`i ntolerance'' of a procedure. 24 Within this tradition, information about the long-term influences of early experience has been slow to enter clinical training.
LOOKING TOWARD THE FUTURE: MAKING USE OF THE RESOURCES IN DEVELOPMENTAL SCIENCE
A historical focus is one means of understanding present conditions and of forming directions for the future. The history of the studies of the effect of auditory stimulation on the developing organism suggests that untapped opportunities are available in the integration of theory, lines of inquiry, and levels of analysis across various disciplines and in the absorption of existing knowledge into clinical practice.
The synthesis of perspectives from multiple species, disciplines, and levels of analysis can provide a broader understanding of the processes of development. The convergence of specific conceptual and methodological tools for studying and explaining the dynamics of early sensory and intersensory functioning, physiological and behavioral regulation, and other related aspects of perinatal development can provide important guidelines for clinical practice. Comparative developmental psychobiology, in particular, can contribute to a better understanding of clinical care that supports and facilitates infant development. Three sets of insights and caveats drawn from this literature serve to illustrate the point.
First, birth is not an adequate starting point for explanations of development. Patterns of sensory and motor experience during the prenatal period both constrain and support subsequent behavioral development. For example, the successive emergence of the senses and the particular features of the intrauterine environment serve to regulate and constrain the nature and amount of sensory input during prenatal life. Therefore, normal developmental outcomes are likely to be as much the result of typical constraints and limits on the range and type of stimulation infants experience at different developmental phases as they are the result of the sensory experience infants actually receive. The simplified sensory environment of the uterus effectively regulates the amount, type, and timing of stimulation available to the fetus. It seems important, therefore, to explore the type of regulation and stimulatory restraint appropriate for the early-born human infant, particularly in light of the stimulation accompanying traditional medical and nursing care, only some of which is related to sustaining life. Second, the traditional models that guide clinical thinking about development likely undercharacterize the dynamic nature of developmental processes. For example, developmentalists have increasingly appreciated the concept of equifinality. Equifinality posits not one, but potentially multiple paths to the same developmental outcome. The traditional metaphor for development in the clinical disciplines has been a ladder with attainment of successive steps marking the achievement of particular levels of function. An equifinality metaphor, by contrast, could be a threedimensional web formed by a variety of alternative strands, with outcome described by the relationship within and between different levels of the system and the function of the web as a whole. The fact that there are potentially multiple developmental pathways to normal or species-typical outcomes argues for an appreciation of complex developmental patterns rather than simple developmental milestones. This alternative notion highlights the possibility of supporting normal outcomes even in the very atypical circumstances of illness and altered experience of early-born humans.
Better methods are needed for assessing both organismic and environmental factors contributing to the emergence of perceptual, motor, and basic cognitive abilities. The majority of work on infant development, to date, has focused on questions of``what'' and`w hen'' rather than``how''. As a result, little is known regarding the interplay of internal and external factors thought to be involved in the achievement of early intersensory integration, autonomic regulation, motor control, and state-related behaviors. The roles of the infant's arousal, attention, and previous experience and the roles of context and social interaction on complex functioning remain relatively unexplored at present. Basic research with both human and animal models as well as tests of converging evidence from the clinical disciplines will be required to define the range of effective environments and their function in constraining and promoting typical developmental patterns.
As a corollary, confining investigations to one sensory system alone likely provides an inadequate basis for understanding the effect of the stimulation on the development of an immature organism, whether human or non-human animal. Recent research has repeatedly demonstrated that stimulation in one sensory modality can influence responsiveness in both that modality and other sensory systems as well. Questions about sound stimulation, for example, probably need to be answered in terms of effects on visual and other sensory system responsiveness, as well as effects on auditory perception.
A third illustrative concept is that perception cannot be meaningfully separated from the self that perceives. Comparative research has repeatedly highlighted the fact that experience is shaped, in part, by the physical size and location of the body. 25 ± 27 The importance of the body as the vehicle for perceiving, and what it can and cannot afford the infant in the way of interaction with its environment, is particularly relevant to understanding the experience of the preterm infant. The preterm infant's body is not only in a species-atypical stimulatory environment, but is also functioning differently that it would in its typical prenatal state. For example, the preterm infant is relatively unable to turn toward or away from visual stimuli or to coordinate motor responses with auditory stimulation in the weeks following birth. Likewise, expected defensive behavior (e.g., arching and flailing) to species-atypical experience (e.g., handling prior to term gestational age) can generalize to speciestypical experience at term (e.g., being held to feed) with consequences that are largely unknown. At the present time, the processes of perceptual learning are almost completely uninvestigated in the hospitalized preterm infant. We have known for some time that perceptual learning occurs in the fetus, based on evidence from animal studies and from the perceptual preferences of the newborn. We are, however, currently largely unaware of the ways that perceptual learning is supported or maintained in the circumstances of prematurity and of the implications of this possible difference for subsequent patterns of development.
CONCLUSION
There are significant mismatches between the developmental needs of the high-risk infant and the caregiving environment of the modern hospital. The steps we take toward improving the match depend on how well we understand (1) the complex developmental processes of the infant; (2) the function of the environment in supporting their expression; and (3) the actual nature of the stimulation to which the hospitalized infant is exposed. Clearly, the clinical disciplines are at the very beginning stages of understanding the rich interplay between the developing human organism and the environment it needs to fulfill its potential. We hope that the articles in this supplement contribute to new and fruitful directions in that inquiry and foster changes in clinical practice of benefit to the highrisk newborn.
